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Abstract: This paper presents data supporting the IC Regimen for potentiating the effectiveness of
lorlatinib in treating ALK positive cancers, and specifically non-small cell lung cancer. Lorlatinib is
an effective treatment for ALK driven non-small cell lung cancer and other ALK driven cancers.
Lorlatinib inhibits ALK kinase and achieves good brain tissue levels, a common site for metastases
in lung cancers. However, resistance to lorlatinib usually supervenes and the cancer awakens and
starts growing again, resistant to lorlatinib. This paper analyses data indicating that adding two
common generic drugs, itraconazole and cilostazol, to lorlatinib treatment may delay resistance
development. Itraconazole is marketed worldwide as a generic antifungal drug that also inhibits
Hedgehog signaling, CYP3A4, and the p-gp efflux pump. Cilostazol is a generic anti-thrombosis,
phosphodiesterase 3 inhibiting drug that carries minimal bleeding risk. Cilostazol may enhance
lorlatinib by deprivation of trophic growth factors supplied by platelets. Itraconazole may enhance
lorlatinib effectiveness by reducing or stopping a Hedgehog centered amplifying feedback loop
with ALK kinase. The combination of metastatic non-small cell lung cancer being a low-survival
disease and the general safety itraconazole plus cilostazol augmentation, make a clinical trial of this
trio worthwhile.

Keywords: ALK kinase; cilostazol; Hedgehog; itraconazole; large cell neuroendocrine cancer; non-
small cell lung cancer; platelets

1. Introduction

This paper shows how two drugs from general medical practice can be repurposed to potentially
improve treatment of some forms of lung cancer.

ALK refers to anaplastic lymphoma kinase. Lorlatinib is an ALK inhibitor with good brain tissue
penetration, effective in treating cancers having increased drive by ALK overexpression or
overactivity [1-3]. Non-small cell lung adenocarcinomas (NSCLC), large cell neuroendocrine lung
cancer (LCNEC), glioblastoma, neuroblastoma, anaplastic large cell lymphoma, and anaplastic
thyroid carcinoma are several of the cancers that are found commonly to have a growth drive at least
partially mediated by ALK, aberrantly expressed by overproduction, by constitutive activating
mutations, by activating fusions, or by mutated forms of ALK [4,5].

Inhibition of lorlatinib’s main catabolic enzymes, CYP3A and UGT1A4, resulted in a 16 times
elevation of mouse brain tissue levels, but that elevation did not seem to effect the animals [6].
Lorlatinib has a wide therapeutic index.

Common side effects of lorlatinib include edema, headache, hyperlipidemia, and neuro-psyche
impairments - all of which can usually be treated by standard means but may require dose reduction
[7-9].

Non-pathological ALK is activated by any one of several endogenous ligands binding to the
ALK extracellular domain. Such binding triggers dimerization and autophosphorylation of the ALK
intracellular domain that in turn triggers a downstream signaling chain. Pathological ALK can be
activated this way too but has other activations mechanisms as well, vide infra.
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In general, a cancer’s resistance to pharmacological ALK inhibition occurs by one or more of
these paths: [1,5,10-12]

i) via activation of bypass survival pathways, EGFR or the insulin-like growth factor (IGF) for
example, or

ii) further mutation of ALK, or

iii) gene amplification, or

iv) simple compensatory increases in ALK expression, or

v) by upregulation of cell exporter pumps.

Pharmacological inhibition of ALK itself will provoke a homeostatic upregulation of ALK
protein expression [10].

In a quarter of lorlatinib resistance cases the origin of resistance is unknown. But resistance
supervenes overtime, leading to clinical relapse [12,13].

This paper recounts data showing the mechanisms by which two repurposed drugs from general
medical practice- itraconazole and cilostazol- intersect with ALK signaling and lorlatinib action to
potentially augment lorlatinib effect or delay a cancer’s development of resistance to lorlatinib.

Tables 1A and 1B list some of the most basic pharmacological parameters of the three IC
Regimen drugs.

Table 1A. General medical use and use during lorlatinib treatment in NSCLC/LCNEC Hh, Hedgehog
signaling complex.

drug general medical use with lorlatinib
itraconazole anti-fungal Hh, p-gp, 3A4 inhibition
cilostazol thrombosis prevention growth factor deprivation

Table 1B. Basic pharmacological parameters of the IC Regimen drugs {LFT = increased liver
transaminases; T1/2 times are approximate and vary from individual to individual.

drug T1/2 ;)n;tabollsm inhibition of  side effects

itraconazole 1d 3A4 3A4, p-gp oLFT

cilostazol 12h 3A4,2C19 none headache, diarrhea

lorlatinib 1d A4, . none hyperlipidemia,
glucuronidation neuro-psyche

The three Prefaces above refer to basic principles of metastatic cancer treatment behind the IC
Regimen, enunciated more fully elsewhere [14,15]. The core of these principles, as encapsulated in
the three aphorisms, are the need for multidrug approaches with drugs with risk that, by design, are
low, but not without risk.

2. ALK

ALK is composed of an extracellular region, a single transmembrane helix and an intracellular
tyrosine kinase domain [16,17]. When ALK oligomerizes in absence of ligand retention in cytosol
result [18]. ALK oligomers or dimers activate the kinase domain triggering downstream signaling of
Ras/Raf/MEK/ERK1/2 and JAK/STAT pathways [19]. ALK is essential for embryological
development but is not usually expressed in adult tissue.

Side effects of slowed speech and other neurocognitive problems are common as are elevated
cholesterol and triglycerides. Side effects tend to resolve quickly after stopping lorlatinib [20].
Resistance develops often within the first few years of an initially responsive ALK positive NSCLC
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[21]. MYC transcription factor drives ALK expression, and ALK signaling drives MYC expression
thus forming a potential mutually reenforcing amplification feedback loop [22,23]. Other ALK related
amplification loops are detailed below.

3. Hedgehog

Hedgehog signaling (Hh) is commonly upregulated in ALK positive cancers [24]. Hh signaling
commonly becomes a link in a cancer’s growth and survival signaling, engaged as part of the
signaling chain initiated by other growth driving systems [25-27]. Then end result of the Hh system
is creation of Gli transcription factors that bind to their consensus binding sites, either a Gli-R that
represses, or a Gli-A that activates transcription.

NPM-ALK fusion protein in lymphoma results in increased Hh signaling. NPM-ALK is a
constitutively active fusion ALK in some lymphomas that enhances creation of transcription
activating Gli-A [28].

A simplified overview of Hh signaling complex and its relationship with ALK expression is
graphically presented in Figure 1 and recounted here. Four core proteins of Hh signaling, Gli, Hh,
Ptch and Smo, interact in Hh signaling. Gli is the central element that by differential processing either
represses or promotes target gene transcription.

itraconazole interferes
Hh «—— ALK with Smo function

R
\» @ Pitch-Hh allows

unliganded Ptch —p Smo,
Smo releases
Gli active Gli, Gli-A
r— phosphorylation chain *
Gli-R + DNA = Gli-A + DNA =
targets repressed target gene

transcription

Gli off

Glion

Figure 1. The core process of itraconazole’s interaction with ALK and Hh signaling. Many
intermediate steps, many cofactors that inhibit, many cofactors that enhance, the isoforms of Gli, that
influence the end resulting effect on Gli and of Gli are omitted. 1 refers to the bistable feedback cycle
within Hh signaling. 2 indicates the positive feedback loop between ALK and Hh.

Ptch has an extracellular receptor domain and an intracellular effector domain. In the quiescent,
unliganded Hh signaling complex, Ptch prevents Smo from access to Gli, allowing Gli’s sequential
phosphorylation by protein kinase A (PKA) = glycogen synthase kinase 3-beta = casein kinase I,
creating Gli repressor form (Gli-R) that then binds to consensus DNA areas to repress expression and
translation of the many Hh target genes, one of which is for Gli itself, forming feedback cycle 1 in
Figure 1. Thus creating within Hh signaling and Gli, a bistable switching system with potential
positive amplifying feedback loop within that system [29,30].

Thus Gli signaling tends to have two stable states,

i) Gli-A as promoter increases Gli transcription, and ii) Gli-R as repressor, represses Gli
transcription.
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After the Hh signaling complex binds an Hh ligand, Ptch is replaced by Smo that allows release
of Gli without undergoing the phosphorylation chain. Gli then becomes an active translation
promoter, Gli-A.

Dozens of stimulating or inhibiting factors influence this simplified schematic, and other post-
translational Gli modifications in addition to the above mentioned phosphorylation chain. High GLI-
A to GLI-R ratios are mainly associated with proliferation, increased survival, and stem cell self-
renewal, while low ratios favor differentiation and quiescence [29,31,32].

4. ALK and Hh form a Cyclic Amplifying System

Hh and ALK systems can interact. Hh is amplified in ALK positive lymphoma where silencing
GLI inhibits growth of ALK driven lymphoma cells [33,34]. ALK inhibition suppresses functioning
GLI transcription factor and active ALK signaling triggers increase in Gli-A, thus forming a second
amplification feedback loop within the ALK Hh system, as depicted as feedback cycle 2 in Figure 1
[28,33,35].

Hh signaling itself contributes to growth and neuroendocrine lineage selection in
neuroendocrine lung cancers [36-38]. Ishiwata et al showed that Gli inhibition or quantitative
reduction suppressed growth in an experimental model of LCNEC [39]. Hh is best recognized as a
driver of basal cell carcinoma and medulloblastoma, but is seen in some cases of breast, lung, prostate
and other cancers as well.

So we see two amplification feedback loops within the ALK/Hh system, designated 1 and 2 in
Figure 1. Hh functioning diminishment therefore has potential to allow lorlatinib to remain effective.

5. A. Hh and the Repurposed Drug Itraconazole

In the antifungal role, itraconazole inhibits fungal lanosterol 14-a-demethylase, preventing
ergosterol that is required for fungal wall formation. In the anti-cancer role itraconazole inhibits Hh
signaling by binding Smo [40-44].

A few other intersections of Hh with ALK:

1. Hh inhibition with vismodegib or itraconazole clinically suppresses, but often incompletely
so, growth of basal cell carcinoma [40,45,46]. Approximately, 85% of sporadic basal cell carcinoma
carry mutations in Hh pathway genes, especially in PTCH, SUFU and SMO genes, which lead to the
aberrant activation of GLI.ALK and Hh are also related in basal cell carcinomas. Basal cell carcinoma
generally has >250 fold increase in ALK and its ligands, pleiotrophin and midkine, compared to
normal epidermis. Stronger expression of phosphorylated ALK in basal cell carcinoma tumor nests
than normal skin was observed by immunohistochemistry [47].

2. An ABCG2 binding site for GLI resides in the ABCG2 consensus sequence promoter.
Accordingly, Gli-A increases ABCG2 (synonymous with BCRP) expression, a stem cell marker in
NSCLC [48-50].

5. B. Itraconazole Caveats

Itraconazole’s absorption is erratic. It requires an acidic environment for ideal absorption. Proton
pump inhibitors must be avoided and itraconazole must be given with an acidic beverage like
Coke™, pH2, or orange juice. It is difficult to draw conclusions from studies that did not assure these
conditions.

Lorlatinib is metabolized by CYP3A4 and UGT1A4m. Itraconazole increases Cmax by 24% and
systemic exposure to lorlatinib by its strong CYP3A3 inhibition [51,52]. The combination of lorlatinib
plus itraconazole therefore requires monitoring for adverse events from increased lorlatinib levels.
Lorlatinib cellular efflux is partially mediated by p-pg (P-glycoprotein, synonymous with MDR1 and
ABCBI). Itraconazole also inhibits p-gp [53-55]. Together these two attributes raise risk of increased
CNS side effects by virtue of both elevation of blood level through CYP3A4 inhibition and by
lowering blood-brain barrier drug efflux by p-gp inhibition. The lorlatinib package insert from the
manufacturer states “Avoid concomitant use of LORBRENA [lorlatinib] with a strong CYP3A
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inhibitor. If concomitant use cannot be avoided, reduce the LORBRENA dosage”
[https://lorbrena.pfizerpro.com/].

In addition to Hh signaling, itraconazole inhibits an unusually wide range of human enzymes
and signaling systems:
p-gp = MDR1 = ABCBI [55]
CYP3A [56]
ABCG2 =BCRP [55,57].
Human 11B-hydroxysteroid dehydrogenase 2 [58]
Human Niemann-Pick C1 lysosomal protein [59,60]
Human mitochondprial protein voltage-dependent anion channel 1 (VDACI) [59,60]
Human CEBPB, a transcription factor [61]
5-lipoxygenase [62]
Wnt signaling [43,63-66]
However the low incidence of side effects from itraconazole may indicate low degree of
inhibition in practice, or the existence of readily engaged cross-covering systems during clinical use
that may lower clinical effectiveness during cancer treatment. Also since many commonly used drugs
are catabolized by CYP3A4, itraconazole has potential for drug-drug interactions that must be kept
in mind when considering what other drugs might be given.

The main side effects of increased lorlatinib systemic exposure are worsening of
hypertriglyceridemia, hypercholesterolemia, and psychiatric or cognitive disturbances. These are
potentially treatable by standard means but may require lorlatinib dose reduction. Of note here is the

OO NG LN

potential of cilostazol to lower hypertriglyceridemia, hypercholesterolemia [8,9].

5. C. Additional Potential Benefits of Itraconazole

In addition to itraconazole’s actions as antifungal drug and Hh inhibition, several other
itraconazole attributes make it an attractive adjunct in treating NSCLC.

1. Itraconazole also inhibits Wnt signaling [43,63-66], an overactive signaling system
contributing to NSCLC growth vigor and treatment resistance [67-70].

2. Perhaps the most compelling data favoring clinical use of adjunctive itraconazole are clinical
experiences with itraconazole as adjuvant to NSCLC surgery or traditional cancer cytotoxic
chemotherapy.

i) NSCLC cases in platinum based chemotherapy with itraconazole 200 mg/day, 21 days on, 7
days off, experienced

longer progression free survival but the same 1 year survival rate as those in the same
chemotherapy without itraconazole [71].

ii) Adding itraconazole (600 mg/day) alone prior to surgery in NSCLC cases, resulted in lung
tumor size and perfusion reduction after 14 days of use. Tumor tissue levels of itraconazole exceeded
those in plasma [72].

iii) The CUSP9v3 trial that included itraconazole 200 mg twice daily in recurrent glioblastoma
showed evidence of benefit [15,73].

iv) Itraconazole 600 mg/day lengthened the PSA doubling time in advanced prostate cancer
without lowering androgen levels. Important to note here that 200 mg itraconazole was without effect
[74,75].

v) In advanced NSCLC cases given pemetrexed with itraconazole 200 mg/day, 21 days on, 7
days off survived longer than those given pemetrexed alone, 32 versus control 8§ months [76].

vi) Itraconazole had a rather dramatic effect in prolonging survival in women being treated for
ovarian cancer [77,78]. Given this data from 2014, it is unclear neither why these studies have not
been verified or refuted, nor why itraconazole is not routinely used in treating ovarian cancers in
2024.

6. Repurposed Drug Cilostazol
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This section reports data on the trophic function of platelets in cancer growth generally and in
NSCLC specifically and how deprivation or reduction of platelets’ trophic function by cilostazol may
retard NSCLC growth or delay lorlatinib resistance.

6.1. Cilostazol

Cilostazol is an oral drug marketed for treatment of intermittent claudication. It inhibits
phosphodiesterase 3 (PDE3) and the adenosine uptake pump. PDE3 mediates the conversion of c-
AMP to AMP.

In clinical use for 20+ years, it inhibits platelet aggregation and causes vasodilation when used
in treating peripheral arterial and cerebrovascular disease [79,80]. Standard treatments are usually
effective for cilostazol side effects of mild headache and diarrhea [81].

Cilostazol inhibits platelet aggregation induced by collagen, ADP, epinephrine, arachidonic acid
and other common aggregation or activation stimuli, reducing the number of activated platelets in
circulation yet with minimal bleeding risk [82-86].

Given these platelet attributes it is unclear why cilostazol does not carry more of a bleeding risk.
About 1 per 100 patient-years of people with a previous stroke treated with cilostazol for secondary
stroke prevention will experience a serious bleeding event [87]. Comparative anti-platelet studies
show a lower bleeding risk with cilostazol than with aspirin in secondary stroke prevention [88-91].

Cilostazol is metabolized by hepatic CYP3A4 and 2C19 with circulating half-life about 12 hours.
Simultaneous itraconazole use therefore has potential to increase cilastazol’s effects and halflife.
Importantly for potential use in NSCLC, bleeding time is not prolonged by cilostazol but is prolonged
by aspirin and ticlopidine even though all three show similar antiplatelet effects in ex vivo platelet
aggregation inhibition tests [86,92].

The main physiological consequences of cilostazol are reduced vascular smooth muscle
proliferation, reduced platelet activation and aggregation [93-95]. PDE3 catalyzes reaction cAMP to
AMP. PDES3 has high competitive affinity for both cAMP and cGMP but does not catalyse a parallel
reaction of cGMP to GMP [96].

The term “platelet activation” refers to a process that prepares or permits platelet degranulation
of intracellular contents. Activation occurs with platelet exposure to ADP, thrombin, vitronectin,
fibronectin, or thrombospondin-1, as examples. Multiple other factors can trigger platelet activation.
Platelet alpha-granules contain dense concentrations of Factors V, IX, XIII, antithrombin,
thrombospondin, CXCL1, CXCL4, CXCL5, IL-8, CCL2, MCP-1, CCL3 (MIP-1), CCL5 (RANTES),
epidermal growth factor (EGFR), hepatocyte growth factor (HGF), IGF, TGF-beta, vascular
endothelial growth factor (VEGF), fibroblast growth factor (FGF), platelet derived growth factor
(PDGF) [97-99]. Notably, platelets contain fully 25% of blood borne VEGF [100-102]. By sticking to
tumor stroma, then releasing their contents, platelets contribute these growth factors to the growing
vasculature and the malignant cells themselves [103].

Platelet borne alpha-granules are a rich source of HGF. HGF is the cognate ligand for c-MET.
Development of c-MET amplification constitutes one of the resistance mechanisms to lorlatinib
[11,104]. Therefore reduction of platelets provision of HGF by cilostazol potentially delays that
resistance pathway.

6.2. Trophic Function of Platelets in Cancer:

Platelets play an important multifaceted role in cancer growth and metastasis establishment
[105-111]. Elevated platelet count is a negative prognostic sign across the common cancers
[103,112,113]. Specifically in pulmonary LCNEC [114,115] and NSCLC [116-120], a higher platelet-
to-lymphocyte ratio (PLR) predicts shorter OS.

Gouban et al and others have reported existence of tumor induced platelet activation, otherwise
termed “tumor educated platelets”. This results in a reciprocal relationship where tumors change,
educate, condition, platelets that then contribute to tumor growth and dissemination, a relationship
documented in several cancers [113,121-123]. See schematic representation of this in Figure 2.Thus
another positive feedback loop where platelets help a cancer grow and a growing cancer signals the
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bone marrow to make more platelets and educates those platelets to release growth enhancing
factors. This mutually supporting process is depicted in Figure 2. This reciprocal support system is
recognized in many common cancers.

messages bone
marrow to make

platelet more platelets
quiescent
cilostazol _| cancer cell
5 T
N/
platelet CCL2, CCL5,

activated —> CXCL4, FGF, IGF,
P-selectin, PDGF,
TGF-beta, VEGF

endothelium

damage cancer metastasis
cell € facilitation
A
platelet
activation ¥ 4 -~

}

cilostazol e

P-selectin release platelet,

lecti ¢l _ monocyte, neutrophil
P-selectin glycoprotein adherence, rolling

ligand-1 (CD162) and aggregates

Figure 2. Mutually supporting relationship between a cancer and platelets Platelet alpha-granules
contain dense concentrations of Factors V, IX, XIII, antithrombin, thrombospondin, CXCL1, CXCL4,
CXCL5, IL8, CCL2 (MCP-1), CCL3 (MIP-1a), CCL5, EGFR, HGF, IGF, TGF-beta, VEGF, fibroblast
growth factor (FGF), platelet-derived growth factor (PDGF). P-selectin resides on platelets’s surface.
The shown growth factors are representative of a large array of them. The diagram indicates cilostazol
inhibits platelet activation but this effect is not absolute.

Cilostazol inhibited ex vivo platelet-dependent fibrin formation and platelet release of CCL5 and
CXCLA4 [124].

CCL5 synthesized by NSCLC cells and by their stroma enhance NSCLC growth, metastasis, and
trophic myeloid cell chemotaxis to tumor [125-129]. The question of to what degree deprivation of
platelets” contribution of this cytokine will effect growth is unknown. Regarding CXCL4, NSCLC
cases with higher CXCL4 levels had worse overall and disease-free survival [130].
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By whole-blood flow cytometry, leukocyte-platelet aggregates mediated by platelets” surface P-
selectin depend on degranulation of alpha-granules [131]. Preliminary evidence implicates these
leukocyte-platelet aggregates in facilitating metastases [132-134].

Cilostazol decreases both circulating and platelet released P-selectin [135-137]. Plasma P-selectin
is elevated in NSCLC, where greater elevations predispose to vascular thrombosis events compared
to those with lesser elevations [138]. Treatment with cilostazol 100 mg bid lowered blood platelet-
neutrophil aggregates and plasma P-selectin in peripheral artery disease [139,140]. Platelets are a
major repository of P-selectin, an adhesion molecule expressed on the platelet surface [141-143].
Platelet-malignant cell adhesion is mediated i.a. by P-selectin [144-146].

P-selectin is expressed also on vessel endothelial cells where it mediates platelet and neutrophil
adhesion. Interestingly, cilostazol decreased P-selectin expression on endothelial cells as well [147].
Cilostazol reduces adverse cardiovascular events in humans also by effects on vessel wall
endothelium and triglyceride reduction, independently of any platelet effects [148-151].

The second-most remarkable finding vis a vis platelets, cilostazol and cancer, was an in vitro
study by Suzuki et al who showed that cilostazol inhibited in vitro invasion of pancreas cancer cells
by reducing those cells’ synthesis of matrix metalloproteinase-9 [152]. Their conclusion was to
“..propose that antiplatelet agents are applicable in clinical treatment to inhibit metastasis of
malignant tumor cells.”

Perhaps the most remarkable finding regarding platelets in cancer physiology is that platelets
inject their own mitochondria into cancer cells, demonstrated in osteosarcoma and breast cancer but
probably universally throughout the common cancers [153-156]. Such transfer was platelet-to-cancer
cell adherence dependent and adherence was mediated in part by P-selectin. Cilostazol inhibits P-
selectin release but it is unknown if that is sufficient to limit platelet mitochondrial transfer to a
cancer. If such bird-like feeding of cancer cells occurs throughout the common cancers this would be
a finding of the first magnitude with fundamental treatment consequences. Platelet transfer of viable,
respiratory competent mitochondria also occurs in normal wound healing, forming in part, the basis
for platelet facilitation of wound healing [157-159].

Caveat: Since i) aspirin, ii) cilostazol, and iii) the clopidogrel-group of antiplatelet drugs all
reduce platelet aggregation and mediate platelets’ contribution to thrombosis by their respective
three different mechanisms, we cannot yet assume that data reviewed here for cilostazol would apply
to other thrombosis inhibiting medicine in current clinical use.

The reviewed data in this platelet section imply two different effects of a growing cancer on
platelets:

i) increased absolute platelet count and elevated PLR imply communication of a cancer with
bone marrow, and

ii) activation and attraction of platelets to a growing cancer imply a cancer cell mediated change
in platelet function.

7. Discussion

Many common cancers have ALK overdrive as one of the suite of their growth driving elements,
thus making pharmacological or other ALK inhibition a potential “tumor agnostic target” [160,161].
This implies potential usefulness of adding adjunctive IC Regimen to lorlatinib treatment of other
ALK positive cancers like glioblastoma or neuroblastoma.

Aspirin inhibits platelet aggregation and activation via COX-1 inhibition. Cilostazol inhibits
platelet activation by PDE 3 inhibition. The resultant interference with platelet function differs also
evidenced by the greater bleeding risk with aspirin use compared to cilostazol.

We do not know yet to what degree, or even if, cilostazol will limit platelet delivery of growth
and metastasis stimuli to a growing cancer in clinical practice. Regarding concerns of the absence of
any clinical trials of cilostazol added to cancer treatment, we can balance that absence with:

i) the few papers that do show cancer growth retarding effect of cilostazol in animal models

[96,152,162-168]

ii) the strength of rationale for its use.
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iii) the demonstrated low risk of bleeding or other adverse events.

In terms of the Second Preface to this paper, lorlatinib would be the decisive operation,
itraconazole and cilostazol the shaping operations.

Asin Figure 1, Hh has two amplification feedback loops that would potentially increase strength
of ALK expression and signaling, making Hh inhibition a particularly attractive physiological point
to deepen inhibition of ALK alongside lorlatinib.

Since shifting dependence on ALK to alternate or parallel signaling forms one of the resistance
pathways to lorlatinib, and platelets comprise a trophic source of many of these parallel signaling
agonists, cilostazol has potential to delay lorlatinib resistance.

8. Conclusions

Itraconazole and cilostazol added to lorlatinib may retard development of lorlatinib resistance.
The potential of itraconazole increasing lorlatinib levels and thereby creating adverse events merits
caution and close monitoring.

Abbreviations: ALK, anaplastic lymphoma kinase; Hh, Hedgehog signaling complex; IGF,
insulin-like growth factor; LCNEC, large cell neuroendocrine lung cancer; NSCLC, non-small cell
lung adenocarcinomas; PDE3, phosphodiesterase 3;

References

1. PoeiD, AliS, Ye S, Hsu R. ALK inhibitors in cancer: mechanisms of resistance and therapeutic management
strategies. Cancer Drug Resist. 2024;7:20. doi:10.20517/cdr.2024.25.

2. Gemelli M, Albini A, Catalano G, Incarbone M, Cannone M, Balladore E, Ricotta R, Pelosi G. Navigating
resistance to ALK inhibitors in the lorlatinib era: a comprehensive perspective on NSCLC. Expert Rev
Anticancer Ther. 2024;24(6):347-361. doi:10.1080/14737140.2024.2344648.

3. FabbriL, Di Federico A, Astore M, Marchiori V, Rejtano A, Seminerio R, Gelsomino F, De Giglio A. From
Development to Place in Therapy of Lorlatinib for the Treatment of ALK and ROS1 Rearranged Non-Small
Cell Lung Cancer (NSCLC). Diagnostics (Basel). 2023;14(1):48. doi:10.3390/diagnostics14010048.

4. Zhao S, LiJ, Xia Q, Liu K, Dong Z. New perspectives for targeting therapy in ALK-positive human cancers.
Oncogene. 2023;42(24):1959-1969. d0i:10.1038/s41388-023-02712-8.

5. Schneider JL, Lin JJ, Shaw AT. ALK-positive lung cancer: a moving target. Nat Cancer. 2023;4(3):330-343.
doi:10.1038/s43018-023-00515-0.

6. Li W, Sparidans RW, Wang Y, Lebre MC, Wagenaar E, Beijnen JH, Schinkel AH. P-glycoprotein
(MDR1/ABCBI1) restricts brain accumulation and cytochrome P450-3A (CYP3A) limits oral availability of
the novel ALK/ROSI inhibitor lorlatinib. Int ] Cancer. 2018;143(8):2029-2038. d0i:10.1002/ijc.31582.

7. Baba K, Goto Y. Lorlatinib as a treatment for ALK-positive lung cancer. Future Oncol. 2022;18(24):2745-
2766. doi:10.2217/fon-2022-0184.

8.  Bauer TM, Felip E, Solomon BJ, Thurm H, Peltz G, Chioda MD, Shaw AT. Clinical Management of Adverse
Events Associated with Lorlatinib. Oncologist. 2019;24(8):1103-1110. d0i:10.1634/theoncologist.2018-0380.

9. Kilickap S, Ak S, Dursun OU, Sendur MA, Karadurmus N, Demirci U. Safety of lorlatinib in ALK positive
non-small-cell lung cancer and management of central nervous system adverse events. Future Oncol.
2023;19(29):2003-2012. doi:10.2217/fon-2023-0014.

10. Bergaggio E, Tai WT, Aroldi A, Mecca C, Landoni E, Niiesch M, Mota I, Metovic ], Molinaro L, Ma L,
Alvarado D, Ambrogio C, Voena C, Blasco RB, Li T, Klein D, Irvine D], Papotti M, Savoldo B, Dotti G,
Chiarle R. ALK inhibitors increase ALK expression and sensitize neuroblastoma cells to ALK.CAR-T cells.
Cancer Cell. 2023;41(12):2100-2116.e10. d0i:10.1016/j.ccell.2023.11.004.

11. Berger LA, Janning M, Velthaus JL, Ben-Batalla I, Schatz S, Falk M, Iglauer P, Simon R, Cao R, Forcato C,
Manaresi N, Bramlett K, Buson G, Hanssen A, Tiemann M, Sauter G, Bokemeyer C, Riethdorf S, Reck M,
Pantel K, Wikman H, Loges S. Identification of a High-Level MET Amplification in CTCs and cfTNA of an
ALK-Positive NSCLC Patient Developing Evasive Resistance to Crizotinib. ] Thorac Oncol.
2018;13(12):e243-e246. d0i:10.1016/j.jtho.2018.08.2025.

12.  Costa DB. Resistance to ALK inhibitors: Pharmacokinetics, mutations or bypass signaling? Cell Cycle.
2017;16(1):19-20. doi:10.1080/15384101.2016.1247568.

13.  Cooper AJ, Sequist LV, Lin JJ. Third-generation EGFR and ALK inhibitors: mechanisms of resistance and
management. Nat Rev Clin Oncol. 2022;19(8):499-514. d0i:10.1038/s41571-022-00639-9.

14. KastRE, Alfieri A, Assi HI, Burns TC, Elyamany AM, Gonzalez-Cao M, Karpel-Massler G, Marosi C, Salacz
ME, Sardi I, Van Vlierberghe P, Zaghloul MS, Halatsch ME. MDACT: A New Principle of Adjunctive


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

10

Cancer Treatment Using Combinations of Multiple Repurposed Drugs, with an Example Regimen. Cancers
(Basel). 2022;14(10):2563. d0i:10.3390/cancers14102563.

15. Halatsch ME, Kast RE, Karpel-Massler G, Mayer B, Zolk O, Schmitz B, Scheuerle A, Maier L, Bullinger L,
Mayer-Steinacker R, Schmidt C, Zeiler K, Elshaer Z, Panther P, Schmelzle B, Hallmen A, Dwucet A, Siegelin
MD, Westhoff MA, Beckers K, Bouche G, Heiland T. A phase Ib/Ila trial of 9 repurposed drugs combined
with temozolomide for the treatment of recurrent glioblastoma: CUSP9v3. Neurooncol Adv.
2021;3(1):vdab075. doi:10.1093/noajnl/vdab075.

16. Reshetnyak AV, Rossi P, Myasnikov AG, Sowaileh M, Mohanty ], Nourse A, Miller DJ, Lax I, Schlessinger
J, Kalodimos CG. Mechanism for the activation of the anaplastic lymphoma kinase receptor. Nature.
2021;600(7887):153-157. d0i:10.1038/s41586-021-04140-8.

17.  Huang H. Anaplastic Lymphoma Kinase (ALK) Receptor Tyrosine Kinase: A Catalytic Receptor with Many
Faces. Int ] Mol Sci. 2018;19(11):3448. d0i:10.3390/ijms19113448.

18. Katic L, Priscan A. Multifaceted Roles of ALK Family Receptors and Augmentor Ligands in Health and
Disease: A Comprehensive Review. Biomolecules. 2023;13(10):1490. d0i:10.3390/biom13101490.

19. Roskoski R Jr. Anaplastic lymphoma kinase (ALK): structure, oncogenic activation, and pharmacological
inhibition. Pharmacol Res. 2013;68(1):68-94. doi:10.1016/j.phrs.2012.11.007.

20. Choo]R, Soo RA. Lorlatinib for the treatment of ALK positive metastatic non-small cell lung cancer. Expert
Rev Anticancer Ther. 2020;20(4):233-240. doi:10.1080/14737140.2020.1744438.

21. Shaw AT, Solomon BJ, Besse B, Bauer TM, Lin CC, Soo RA, Riely GJ, Ou SI, Clancy JS, Li S, Abbattista A,
Thurm H, Satouchi M, Camidge DR, Kao S, Chiari R, Gadgeel SM, Felip E, Martini JF. ALK Resistance
Mutations and Efficacy of Lorlatinib in Advanced Anaplastic Lymphoma Kinase-Positive Non-Small-Cell
Lung Cancer. ] Clin Oncol. 2019;37(16):1370-1379. d0i:10.1200/JCO.18.02236.

22.  Schonherr C., Ruuth K., Kamaraj S., Wang C.L., Yang H.L., Combaret V., Djos A., Martinsson T.,
Christensen J.G., Palmer R.H., et al. Anaplastic Lymphoma Kinase (ALK) regulates initiation of
transcription of MYCN in neuroblastoma cells. Oncogene. 2012;31:5193-5200. doi:10.1038/onc.2012.12.

23. Hasan MK, Nafady A, Takatori A, Kishida S, Ohira M, Suenaga Y, Hossain S, Akter J, Ogura A, Nakamura
Y. ALK is a MYCN target gene and regulates cell migration and invasion in neuroblastoma. Sci. Rep.
2013;3:3450. doi:10.1038/srep03450.

24. Neal JW, Sequist LV. Exciting new targets in lung cancer therapy: ALK, IGF-1R, HDAC, and Hh. Curr Treat
Options Oncol. 2010;11(1-2):36-44. doi:10.1007/s11864-010-0120-6.

25. Brechbiel J, Miller-Moslin K, Adjei AA. Crosstalk between hedgehog and other signaling pathways as a
basis for combination therapies in cancer. Cancer Treat Rev. 2014;40(6):750-9. doi:10.1016/j.ctrv.2014.02.003.

26. Pite$a N, Kurtovi¢ M, Bartoni¢ek N, Gkotsi DS, Conka$ ], Petri¢ T, Musani V, Ozreti¢ P, Riobo-Del Galdo
NA, Sabol M. Signaling Switching from Hedgehog-GLI to MAPK Signaling Potentially Serves as a
Compensatory Mechanism in Melanoma Cell Lines Resistant to GANT-61. Biomedicines. 2023;11(5):1353.
do0i:10.3390/biomedicines11051353.

27. Rovida E, Stecca B. Mitogen-activated protein kinases and Hedgehog-GLI signaling in cancer: A crosstalk
providing therapeutic opportunities? Semin Cancer Biol. 2015;35:154-67.
doi:10.1016/j.semcancer.2015.08.003.

28. Ok CY, Singh RR, Vega F. Aberrant activation of the hedgehog signaling pathway in malignant
hematological neoplasms. Am J Pathol. 2012;180(1):2-11. doi:10.1016/j.ajpath.2011.09.009.

29. Aberger F, Kern D, Greil R, Hartmann TN. Canonical and noncanonical Hedgehog/GLI signaling in
hematological malignancies. Vitam Horm. 2012;88:25-54. d0i:10.1016/B978-0-12-394622-5.00002-X.

30. Skoda AM, Simovic D, Karin V, Kardum V, Vranic S, Serman L. The role of the Hedgehog signaling
pathway in cancer: A comprehensive review. Bosn ] Basic Med Sci. 2018;18(1):8-20.
doi:10.17305/bjbms.2018.2756.

31. Stecca B, Mas C, Clement V, Zbinden M, Correa R, Piguet V, Beermann F, Ruiz i Altaba A. Melanomas
require HEDGEHOG-GLI signaling regulated by interactions between GLI1 and the RAS-MEK/AKT
pathways. Proc Natl Acad Sci U S A. 2007;104(14):5895-900. doi:10.1073/pnas.0700776104.

32. Hwang SH, White KA, Somatilaka BN, Wang B, Mukhopadhyay S. Context-dependent ciliary regulation
of hedgehog pathway repression in tissue morphogenesis. PLoS Genet. 2023;19(11):e1011028.
doi:10.1371/journal.pgen.1011028.

33. Singh RR, Cho-Vega JH, Davuluri Y, Ma S, Kasbidi F, Milito C, Lennon PA, Drakos E, Medeiros L], Luthra
R, Vega F. Sonic hedgehog signaling pathway is activated in ALK-positive anaplastic large cell lymphoma.
Cancer Res. 2009;69(6):2550-8. doi:10.1158/0008-5472.CAN-08-1808.

34. Chen S, Wang B, Fu X, Liang Y, Chai X, Ye Z, Li R, He Y, Kong G, Lian ], Li X, Chen T, Zhang X, Qiu X,
Tang X, Zhou K, Lin B, Zeng J. ALKALI gene silencing prevents colorectal cancer progression via
suppressing Sonic Hedgehog (SHH) signaling pathway. ] Cancer. 2021;12(1):150-162. d0i:10.7150/jca.46447.

35. Zhang C, Wang Z, Zhuang R, Guo X, Feng Y, Shen F, Liu W, Zhang Y, Tong H, Sun W, Liu J, Wang G, Dai
C,Lu W, Zhou Y. Efficacy and Resistance of ALK Inhibitors in Two Inflammatory Myofibroblastic Tumor


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

11

Patients with ALK Fusions Assessed by Whole Exome and RNA Sequencing. Onco Targets Ther.
2020;13:10335-10342. doi:10.2147/OTT.5270481.

36. Chen C, Breslin MB, Lan MS. Sonic hedgehog signaling pathway promotes INSM1 transcription factor in
neuroendocrine lung cancer. Cell Signal. 2018;46:83-91. doi:10.1016/j.cellsig.2018.02.014.

37. Watkins DN, Berman DM, Burkholder SG, Wang B, Beachy PA, Baylin SB. Hedgehog signalling within
airway epithelial progenitors and in small-cell lung cancer. Nature. 2003;422(6929):313-7.
doi:10.1038/nature01493.

38. Park KS, Martelotto LG, Peifer M, Sos ML, Karnezis AN, Mahjoub MR, Bernard K, Conklin JF, Szczepny A,
Yuan J, Guo R, Ospina B, Falzon ], Bennett S, Brown TJ, Markovic A, Devereux WL, Ocasio CA, Chen JK,
Stearns T, Thomas RK, Dorsch M, Buonamici S, Watkins DN, Peacock CD, Sage J. A crucial requirement
for Hedgehog signaling in small cell lung cancer. Nat Med. 2011;17(11):1504-8. d0i:10.1038/nm.2473.

39. Ishiwata T, Iwasawa S, Ebata T, Fan M, Tada Y, Tatsumi K, Takiguchi Y. Inhibition of Gli leads to antitumor
growth and enhancement of cisplatin-induced cytotoxicity in large cell neuroendocrine carcinoma of the
lung. Oncol Rep. 2018;39(3):1148-1154. d0i:10.3892/0r.2018.6183.

40. Kim J, Aftab BT, Tang JY, Kim D, Lee AH, Rezaee M, Kim ], Chen B, King EM, Borodovsky A, Riggins GJ,
Epstein EH Jr, Beachy PA, Rudin CM. Itraconazole and arsenic trioxide inhibit Hedgehog pathway
activation and tumor growth associated with acquired resistance to smoothened antagonists. Cancer Cell.
2013;23(1):23-34. doi:10.1016/j.ccr.2012.11.017.

41. Wang X, Wei S, Zhao Y, Shi C, Liu P, Zhang C, Lei Y, Zhang B, Bai B, Huang Y, Zhang H. Anti-proliferation
of breast cancer cells with itraconazole: Hedgehog pathway inhibition induces apoptosis and autophagic
cell death. Cancer Lett. 2017;385:128-136. d0i:10.1016/j.canlet.2016.10.034.

42. Hu Q, Hou YC, Huang ], Fang JY, Xiong H. Itraconazole induces apoptosis and cell cycle arrest via
inhibiting Hedgehog signaling in gastric cancer cells. ] Exp Clin Cancer Res. 2017;36(1):50.
doi:10.1186/s13046-017-0526-0.

43. Liang G, Liu M, Wang Q, Shen Y, Mei H, Li D, Liu W. Itraconazole exerts its anti-melanoma effect by
suppressing Hedgehog, Wnt, and PI3K/mTOR signaling pathways. Oncotarget. 2017;8(17):28510-28525.
doi:10.18632/oncotarget.15324.

44. LiuM, Liang G, Zheng H, Zheng N, Ge H, Liu W. Triazoles bind the C-terminal domain of SMO: Illustration
by docking and molecular dynamics simulations the binding between SMO and triazoles. Life Sci.
2019;217:222-228. doi:10.1016/j.1fs.2018.12.012.

45.  Gutzmer R, Solomon JA. Hedgehog Pathway Inhibition for the Treatment of Basal Cell Carcinoma. Target
Oncol. 2019;14(3):253-267. d0i:10.1007/s11523-019-00648-2.

46. Patel S, Armbruster H, Pardo G, Archambeau B, Kim NH, Jeter J, Wu R, Kendra K, Contreras CM,
Spaccarelli N, Dulmage B, Pootrakul L, Carr DR, Verschraegen C. Hedgehog pathway inhibitors for locally
advanced and metastatic basal cell carcinoma: A real-world single-center retrospective review. PLoS One.
2024;19(4):€0297531. doi:10.1371/journal.pone.0297531.

47. Ning H, Mitsui H, Wang CQ, Suarez-Farifias M, Gonzalez ], Shah KR, Chen J, Coats I, Felsen D, Carucci
JA, Krueger JG. Identification of anaplastic lymphoma kinase as a potential therapeutic target in Basal Cell
Carcinoma. Oncotarget. 2013;4(12):2237-48. doi:10.18632/oncotarget.1357.

48. Singh RR, Kunkalla K, Qu C, Schlette E, Neelapu SS, Samaniego F, Vega F. ABCG2 is a direct transcriptional
target of hedgehog signaling and involved in stroma-induced drug tolerance in diffuse large B-cell
lymphoma. Oncogene. 2011;30(49):4874-86. d0i:10.1038/onc.2011.195.

49. Prabavathy D, Swarnalatha Y, Ramadoss N. Lung cancer stem cells-origin, characteristics and therapy.
Stem Cell Investig. 2018;5:6. doi:10.21037/s¢i.2018.02.01.

50. ZhangL, Shen L, Wu D. Clinical significance of cancer stem cell markers in lung carcinoma. Acta Biochim
Pol. 2021;68(2):187-191. doi:10.18388/abp.2020_5498.

51. LiW, Sparidans RW, Wang Y, Lebre MC, Beijnen JH, Schinkel AH. Oral coadministration of elacridar and
ritonavir enhances brain accumulation and oral availability of the novel ALK/ROS1 inhibitor lorlatinib. Eur
J Pharm Biopharm. 2019;136:120-130. doi:10.1016/j.ejpb.2019.01.016.

52. Li W, Sparidans RW, Wang Y, Lebre MC, Wagenaar E, Beijnen JH, Schinkel AH. P-glycoprotein
(MDR1/ABCBI1) restricts brain accumulation and cytochrome P450-3A (CYP3A) limits oral availability of
the novel ALK/ROSI1 inhibitor lorlatinib. Int ] Cancer. 2018;143(8):2029-2038. doi:10.1002/ijc.31582.

53. Ghadi M, Hosseinimehr S], Amiri FT, Mardanshahi A, Noaparast Z. Itraconazole synergistically increases
therapeutic effect of paclitaxel and 99mTc-MIBI accumulation, as a probe of P-gp activity, in HT-29 tumor-
bearing nude mice. Eur ] Pharmacol. 2021;895:173892. doi:10.1016/j.ejphar.2021.173892.

54. Lam A, Hoang JD, Singleton A, Han X, Bleier BS. Itraconazole and clarithromycin inhibit P-glycoprotein
activity in primary human sinonasal epithelial cells. Int Forum Allergy Rhinol. 2015;5(6):477-80.
doi:10.1002/alr.21454.

55. Lempers V], van den Heuvel JJ, Russel FG, Aarnoutse RE, Burger DM, Briiggemann R], Koenderink JB.
Inhibitory Potential of Antifungal Drugs on ATP-Binding Cassette Transporters P-Glycoprotein, MRP1 to
MRP5, BCRP, and BSEP. Antimicrob Agents Chemother. 2016;60(6):3372-9. d0i:10.1128/AAC.02931-15.


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

12

56. Piérard GE, Arrese JE, Piérard-Franchimont C. Itraconazole. Expert Opin Pharmacother. 2000;1(2):287-304.
doi:10.1517/14656566.1.2.287.

57. Gupta A, Unadkat JD, Mao Q. Interactions of azole antifungal agents with the human breast cancer
resistance protein (BCRP). ] Pharm Sci. 2007;96(12):3226-35. d0i:10.1002/jps.20963.

58. Inderbinen SG, Zogg M, Kley M, Smiesko M, Odermatt A. Species-specific differences in the inhibition of
11p3-hydroxysteroid dehydrogenase 2 by itraconazole and posaconazole. Toxicol Appl Pharmacol.
2021;412:115387. doi:10.1016/j.taap.2020.115387.

59. Head SA, Shi W, Zhao L, Gorshkov K, Pasunooti K, Chen Y, Deng Z, Li R], Shim ]S, Tan W, Hartung T,
Zhang ], Zhao Y, Colombini M, Liu JO. Antifungal drug itraconazole targets VDAC1 to modulate the
AMPK/mTOR signaling axis in endothelial cells. Proc Natl Acad Sci U S A. 2015;112(52):E7276-85.
doi:10.1073/pnas.1512867112.

60. Head SA, Shi WQ, Yang EJ, Nacev BA, Hong SY, Pasunooti KK, Li R]J, Shim JS, Liu JO. Simultaneous
Targeting of NPC1 and VDACI by Itraconazole Leads to Synergistic Inhibition of mTOR Signaling and
Angiogenesis. ACS Chem Biol. 2017;12(1):174-182. d0i:10.1021/acschembio.6b00849.

61. ZhangY, Li L, Chu F, Wu H, Xiao X, Ye ], Li K. Itraconazole inhibits tumor growth via CEBPB-mediated
glycolysis in colorectal cancer. Cancer Sci. 2024;115(4):1154-1169. doi:10.1111/cas.16082.

62. Steel HC, Tintinger GR, Theron AJ, Anderson R. Itraconazole-mediated inhibition of calcium entry into
platelet-activating factor-stimulated human neutrophils is due to interference with production of
leukotriene B4. Clin Exp Immunol. 2007;150(1):144-50. d0i:10.1111/j.1365-2249.2007.03470.x.

63. Tsubamoto H, Ueda T, Inoue K, Sakata K, Shibahara H, Sonoda T. Repurposing itraconazole as an
anticancer agent. Oncol Lett. 2017;14(2):1240-1246. doi:10.3892/01.2017.6325.

64. Ueda T, Tsubamoto H, Inoue K, Sakata K, Shibahara H, Sonoda T. Itraconazole Modulates Hedgehog,
WNT/B-catenin, as well as Akt Signalling, and Inhibits Proliferation of Cervical Cancer Cells. Anticancer
Res. 2017;37(7):3521-3526. d0i:10.21873/anticanres.11720.

65. Chen C, Zhang W. Itraconazole Alters the Stem Cell Characteristics of A549 and NCI-H460 Human Lung
Cancer Cells by Suppressing Wnt Signaling. Med Sci Monit. 2019;25:9509-9516. doi:10.12659/MSM.919347.

66. Wang W, Dong X, Liu Y, NiB, Sai N, You L, Sun M, Yao Y, Qu C, Yin X, Ni J. Itraconazole exerts anti-liver
cancer potential through the Wnt, PI3K/AKT/mTOR, and ROS pathways. Biomed Pharmacother.
2020;131:110661. doi:10.1016/j.biopha.2020.110661.

67. Mazieres J, He B, You L, Xu Z, Jablons DM. Wnt signaling in lung cancer. Cancer Lett. 2005;222(1):1-10.
doi:10.1016/j.canlet.2004.08.040.

68. Yang], Chen], He], Li], ShiJ, Cho WC, Liu X. Wnt signaling as potential therapeutic target in lung cancer.
Expert Opin Ther Targets. 2016;20(8):999-1015. doi:10.1517/14728222.2016.1154945.

69. YangS$, LiuY, Li MY, Ng CSH, Yang SL, Wang S, Zou C, Dong Y, Du J, Long X, Liu LZ, Wan IYP, Mok T,
Underwood M], Chen GG. FOXP3 promotes tumor growth and metastasis by activating Wnt/p3-catenin
signaling pathway and EMT in non-small cell lung cancer. Mol Cancer. 2017;16(1):124. doi:10.1186/s12943-
017-0700-1.

70. He Y, Jiang X, Duan L, Xiong Q, Yuan Y, Liu P, Jiang L, Shen Q, Zhao S, Yang C, Chen Y. LncRNA
PKMYTIAR promotes cancer stem cell maintenance in non-small cell lung cancer via activating Wnt
signaling pathway. Mol Cancer. 2021;20(1):156. doi:10.1186/s12943-021-01469-6.

71. Mohamed AW, Elbassiouny M, Elkhodary DA, Shawki MA, Saad AS. The effect of itraconazole on the
clinical outcomes of patients with advanced non-small cell lung cancer receiving platinum-based
chemotherapy: a randomized controlled study. Med Oncol. 2021;38(3):23. d0i:10.1007/s12032-021-01475-0.

72. Gerber DE, Putnam WC, Fattah FJ, Kernstine KH, Brekken RA, Pedrosa I, Skelton R, Saltarski JM, Lenkinski
RE, Leff RD, Ahn C, Padmanabhan C, Chembukar V, Kasiri S, Kallem RR, Subramaniyan I, Yuan Q, Do
QN, Xi Y, Reznik SI, Pelosof L, Faubert B, DeBerardinis RJ, Kim J. Concentration-dependent Early
Antivascular and Antitumor Effects of Itraconazole in Non-Small Cell Lung Cancer. Clin Cancer Res.
2020;26(22):6017-6027. doi:10.1158/1078-0432.CCR-20-1916.

73.  Halatsch ME, Dwucet A, Schmidt CJ, Miihlnickel ], Heiland T, Zeiler K, Siegelin MD, Kast RE, Karpel-
Massler G. In Vitro and Clinical Compassionate Use Experiences with the Drug-Repurposing Approach
CUSPYv3 in Glioblastoma. Pharmaceuticals (Basel). 2021;14(12):1241. doi:10.3390/ph14121241.

74. Antonarakis ES, Heath EI, Smith DC, Rathkopf D, Blackford AL, Danila DC, King S, Frost A, Ajiboye AS,
Zhao M, Mendonca ], Kachhap SK, Rudek MA, Carducci MA. Repurposing itraconazole as a treatment for
advanced prostate cancer: a noncomparative randomized phase II trial in men with metastatic castration-
resistant prostate cancer. Oncologist. 2013;18(2):163-73. doi:10.1634/theoncologist.2012-314.

75. LeeM, Hong H, Kim W, Zhang L, Friedlander TW, Fong L, Lin AM, Small EJ, Wei XX, Rodvelt TJ, Miralda
B, Stocksdale B, Ryan CJ, Aggarwal R. Itraconazole as a Noncastrating Treatment for Biochemically
Recurrent Prostate Cancer: A Phase 2 Study. Clin Genitourin Cancer. 2019;17(1):e92-€96.
doi:10.1016/j.clgc.2018.09.013.


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

13

76. Rudin CM, Brahmer JR, Juergens RA, Hann CL, Ettinger DS, Sebree R, Smith R, Aftab BT, Huang P, Liu JO.
Phase 2 study of pemetrexed and itraconazole as second-line therapy for metastatic nonsquamous non-
small-cell lung cancer. ] Thorac Oncol. 2013;8(5):619-23. d0i:10.1097/JTO.0b013e31828¢3950.

77.  Tsubamoto H, Sonoda T, Yamasaki M, Inoue K. Impact of combination chemotherapy with itraconazole on
survival of patients with refractory ovarian cancer. Anticancer Res. 2014;34(5):2481-7.

78. Tsubamoto H, Sonoda T, Yamasaki M, Inoue K. Impact of combination chemotherapy with itraconazole on
survival for patients with recurrent or persistent ovarian clear cell carcinoma. Anticancer Res.
2014;34(4):2007-14.

79. Zheng H, Yang H, Gong D, Mai L, Qiu X, Chen L, Su X, Wei R, Zeng Z. Progress in the Mechanism and
Clinical ~ Application of  Cilostazol. =~ Curr Top Med Chem. 2019;19(31):2919-2936.
doi:10.2174/1568026619666191122123855.

80. Kherallah RY, Khawaja M, Olson M, Angiolillo D, Birnbaum Y. Cilostazol: a Review of Basic Mechanisms
and Clinical Uses. Cardiovasc Drugs Ther. 2022;36(4):777-792. d0i:10.1007/s10557-021-07187-x.

81. Pratt CM. Analysis of the cilostazol safety database. Am ] Cardiol. 2001;87(12A):28D-33D.
doi:10.1016/s0002-9149(01)01719-2.

82. Galyfos G, Sianou A. Cilostazol for Secondary Prevention of Stroke: Should the Guidelines Perhaps Be
Extended? Vasc Specialist Int. 2017;33(3):89-92. doi:10.5758/vsi.2017.33.3.89.

83. Sorkin EM, Markham A. Cilostazol. Drugs Aging. 1999;14(1):63-71. doi:10.2165/00002512-199914010-00005.

84. McHutchison C, Blair GW, Appleton JP, Chappell FM, Doubal F, Bath PM, Wardlaw JM. Cilostazol for
Secondary Prevention of Stroke and Cognitive Decline: Systematic Review and Meta-Analysis. Stroke.
2020;51(8):2374-2385. d0i:10.1161/STROKEAHA.120.029454.

85. Goto S. Cilostazol: potential mechanism of action for antithrombotic effects accompanied by a low rate of
bleeding. Atheroscler Suppl. 2005;6(4):3-11. doi:10.1016/j.atherosclerosissup.2005.09.002.

86. Schror K. The pharmacology of cilostazol. Diabetes Obes Metab. 2002;4,Suppl 2:514-9. doi:10.1046/j.1463-
1326.2002.0040s2s14..x.

87. Nishiyama Y, Kimura K, Otsuka T, Toyoda K, Uchiyama S, Hoshino H, Sakai N, Okada Y, Origasa H,
Naritomi H, Houkin K, Yamaguchi K, Minematsu K, Matsumoto M, Tominaga T, Tomimoto H, Terayama
Y, Yasuda S, Yamaguchi T; CSPS.com Trial Investigators. Dual Antiplatelet Therapy With Cilostazol for
Secondary Prevention in Lacunar Stroke: Subanalysis of the CSPS.com Trial. Stroke. 2023;54(3):697-705.
doi:10.1161/STROKEAHA.122.039900.

88. Uchiyama S, Shinohara Y, Katayama Y, Yamaguchi T, Handa S, Matsuoka K, Ohashi Y, Tanahashi N,
Yamamoto H, Genka C, Kitagawa Y, Kusuoka H, Nishimaru K, Tsushima M, Koretsune Y, Sawada T,
Hamada C. Benefit of cilostazol in patients with high risk of bleeding: subanalysis of cilostazol stroke
prevention study 2. Cerebrovasc Dis. 2014;37(4):296-303. doi:10.1159/000360811.

89. Chai E, Chen ], Li C, Zhang X, Fan Z, Yang S, Zhao K, Li W, Xiao Z, Zhang Y, Tang F. The Efficacy and
Safety of Cilostazol vs. Aspirin for Secondary Stroke Prevention: A Systematic Review and Meta-Analysis.
Front Neurol. 2022;13:814654. d0i:10.3389/fneur.2022.814654.

90. Naka H, Nomura E, Kitamura ], Imamura E, Wakabayashi S, Matsumoto M. Antiplatelet therapy as a risk
factor for microbleeds in intracerebral hemorrhage patients: analysis using specific antiplatelet agents. J
Stroke Cerebrovasc Dis. 2013;22(6):834-40. doi:10.1016/j.jstrokecerebrovasdis.2012.06.001.

91. Lin MP, Meschia JF, Gopal N, Barrett KM, Ross OA, Ertekin-Taner N, Brott TG. Cilostazol Versus Aspirin
for Secondary Stroke Prevention: Systematic Review and Meta-Analysis. ] Stroke Cerebrovasc Dis.
2021;30(3):105581. doi:10.1016/j.jstrokecerebrovasdis.2020.105581.

92. Tamai Y, Takami H, Nakahata R, Ono F, Munakata A. Comparison of the effects of acetylsalicylic acid,
ticlopidine and cilostazol on primary hemostasis using a quantitative bleeding time test apparatus.
Haemostasis. 1999;29(5):269-76. d0i:10.1159/000022512.

93. Kambayashi J, Liu Y, Sun B, Shakur Y, Yoshitake M, Czerwiec F. Cilostazol as a unique antithrombotic
agent. Curr Pharm Des. 2003;9(28):2289-302. doi:10.2174/1381612033453910.

94. Kherallah RY, Khawaja M, Olson M, Angiolillo D, Birnbaum Y. Cilostazol: a Review of Basic Mechanisms
and Clinical Uses. Cardiovasc Drugs Ther. 2022;36(4):777-792. d0i:10.1007/s10557-021-07187-x.

95. Liu Y, Shakur Y, Yoshitake M, Kambayashi Ji J. Cilostazol (pletal): a dual inhibitor of cyclic nucleotide
phosphodiesterase type 3 and adenosine uptake. Cardiovasc Drug Rev. 2001;19(4):369-86.
doi:10.1111/j.1527-3466.2001.tb00076.x.

96. Murata K, Kameyama M, Fukui F, Ohigashi H, Hiratsuka M, Sasaki Y, Kabuto T, Mukai M, Mammoto T,
Akedo H, Ishikawa O, Imaoka S. Phosphodiesterase type III inhibitor, cilostazol, inhibits colon cancer cell
motility. Clin Exp Metastasis. 1999;17(6):525-30. d0i:10.1023/a:1006626529536.

97. Gremmel T, Frelinger AL 3rd, Michelson AD. Platelet Physiology. Semin Thromb Hemost. 2016;42(3):191-
204. doi:10.1055/s-0035-1564835.

98. Beitia M, Delgado D, Mercader ], Sanchez P, Lépez de Dicastillo L, Sanchez M. Action of Platelet-Rich
Plasma on In Vitro Cellular Bioactivity: More than Platelets. Int ] Mol Sci. 2023;24(6):5367.
doi:10.3390/ijms24065367.


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

14

99. Cecerska-Hery¢ E, Goszka M, Serwin N, Roszak M, Grygorcewicz B, Hery¢ R, Dolegowska B. Applications
of the regenerative capacity of platelets in modern medicine. Cytokine Growth Factor Rev. 2022;64:84-94.
doi:10.1016/j.cytogfr.2021.11.003.

100. Svendsen MN, Lykke J, Werther K, Christensen IJ, Nielsen HJ. Concentrations of VEGF and VEGFR1 in
paired tumor arteries and veins in patients with rectal cancer. Oncol Res. 2004;14(11-12):611-5.
doi:10.3727/0965040042707899.

101. Werther K, Christensen IJ, Nielsen HJ. Determination of vascular endothelial growth factor (VEGF) in
circulating blood: significance of VEGF in various leucocytes and platelets. Scand J Clin Lab Invest.
2002;62(5):343-50. doi:10.1080/00365510260296492.

102. Werther K, Biilow S, Hesselfeldt P, Jespersen NF, Svendsen MN, Nielsen HJ. VEGF concentrations in
tumour arteries and veins from patients with rectal cancer. APMIS. 2002;110(9):646-50. doi:10.1034/j.1600-
0463.2002.1100908.x.

103. Morris K, Schnoor B, Papa AL. Platelet cancer cell interplay as a new therapeutic target. Biochim Biophys
Acta Rev Cancer. 2022;1877(5):188770. doi:10.1016/j.bbcan.2022.188770.

104. Dagogo-Jack I, Yoda S, Lennerz JK, Langenbucher A, Lin JJ, Rooney MM, Prutisto-Chang K, Oh A, Adams
NA, Yeap BY, Chin E, Do A, Marble HD, Stevens SE, Digumarthy SR, Saxena A, Nagy R], Benes CH, Azzoli
CG, Lawrence MS, Gainor JF, Shaw AT, Hata AN. MET Alterations Are a Recurring and Actionable
Resistance Mechanism in ALK-Positive Lung Cancer. Clin Cancer Res. 2020;26(11):2535-2545.
doi:10.1158/1078-0432.CCR-19-3906.

105. Zhou L, Zhang Z, Tian Y, Li Z, Liu Z, Zhu S. The critical role of platelet in cancer progression and metastasis.
Eur ] Med Res. 2023;28(1):385. doi:10.1186/s40001-023-01342-w.

106. Stegner D, Diitting S, Nieswandt B. Mechanistic explanation for platelet contribution to cancer metastasis.
Thromb Res. 2014;133 Suppl 2:5149-57. d0i:10.1016/S0049-3848(14)50025-4.

107. Wang S, Li Z, Xu R. Human Cancer and Platelet Interaction, a Potential Therapeutic Target. Int ] Mol Sci.
2018;19(4):1246. d0i:10.3390/ijms19041246.

108. Mammadova-Bach E, Gil-Pulido J, Sarukhanyan E, Burkard P, Shityakov S, Schonhart C, Stegner D, Remer
K, Nurden P, Nurden AT, Dandekar T, Nehez L, Dank M, Braun A, Mezzano D, Abrams SI, Nieswandt B.
Platelet glycoprotein VI promotes metastasis through interaction with cancer cell-derived galectin-3. Blood.
2020;135(14):1146-1160. doi:10.1182/blood.2019002649.

109. Xue ], Deng ], Qin H, Yan S, Zhao Z, Qin L, Liu ], Wang H. The interaction of platelet-related factors with
tumor cells promotes tumor metastasis. ] Transl Med. 2024;22(1):371. doi:10.1186/s12967-024-05126-6.

110. Foss A, Munoz-Sagredo L, Sleeman ], Thiele W. The contribution of platelets to intravascular arrest,
extravasation, and outgrowth of disseminated tumor cells. Clin Exp Metastasis. 2020;37(1):47-67.
doi:10.1007/s10585-019-10009-y.

111. Roweth HG. Platelet Contributions to the (Pre)metastatic Tumor Microenvironment. Semin Thromb
Hemost. 2024;50(3):455-461. doi:10.1055/s-0043-1776005.

112. Schlesinger M. Role of platelets and platelet receptors in cancer metastasis. ] Hematol Oncol. 2018;11(1):125.
doi:10.1186/s13045-018-0669-2.

113. Goubran HA, Burnouf T, Radosevic M, El-Ekiaby M. The platelet-cancer loop. Eur ] Intern Med.
2013;24(5):393-400. d0i:10.1016/j.ejim.2013.01.017.

114. Shi M, Zhao W, Zhou F, Chen H, Tang L, Su B, Zhang ]J. Neutrophil or platelet-to-lymphocyte ratios in
blood are associated with poor prognosis of pulmonary large cell neuroendocrine carcinoma. Transl Lung
Cancer Res. 2020;9(1):45-54. d0i:10.21037/tlcr.2020.01.17.

115. Akdag G, Alan 0, Dogan A, Yildirim S, Kinikoglu O, Batu A, Kudu E, Gegmen GG, Isik D, Sever ON,
Odabas H, Yildirim ME, Turan N. Prognostic scores in pulmonary large cell neuroendocrine carcinoma: A
retrospective cohort study. Heliyon. 2024;10(3):€25029. d0i:10.1016/j.heliyon.2024.e25029.

116. Han Y, Wang J, Hong L, Sun L, Zhuang H, Sun B, Wang H, Zhang X, Ren X. Platelet-lymphocyte ratio is
an independent prognostic factor in patients with ALK-positive non small cell lung cancer. Future Oncol.
2017;13(1):51-61. doi:10.2217/fon-2016-0317.

117. Andersen BL, Myers J, Blevins T, Park KR, Smith RM, Reisinger S, Carbone DP, Presley CJ, Shields PG,
Carson WE. Depression in association with neutrophil-to-lymphocyte, platelet-to-lymphocyte, and
advanced lung cancer inflammation index biomarkers predicting lung cancer survival. PLoS One.
2023;18(2):€0282206. doi:10.1371/journal.pone.0282206.

118. Zhang H, Gao L, Zhang B, Zhang L, Wang C. Prognostic value of platelet to lymphocyte ratio in non-small
cell lung cancer: a systematic review and meta-analysis. Sci Rep. 2016;6:22618. doi:10.1038/srep22618.

119. Liu], LiS, Zhang S, Liu Y, Ma L, Zhu ], Xin Y, Wang Y, Yang C, Cheng Y. Systemic immune-inflammation
index, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio can predict clinical outcomes in
patients with metastatic non-small-cell lung cancer treated with nivolumab. ] Clin Lab Anal.
2019;33(8):€22964. d0i:10.1002/jcla.22964.


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

15

120. Liu N, Mao ], Tao P, Chi H, Jia W, Dong C. The relationship between NLR/PLR/LMR levels and survival
prognosis in patients with non-small cell lung carcinoma treated with immune checkpoint inhibitors.
Medicine (Baltimore). 2022;101(3):€28617. doi:10.1097/MD.0000000000028617.

121. Goubran HA, Stakiw ], Radosevic M, Burnouf T. Platelet-cancer interactions. Semin Thromb Hemost.
2014;40(3):296-305. doi:10.1055/s-0034-1370767.

122. Garofano K, Rashid K, Smith M, Brantner C, Suwunnakorn S, Diemert D, Gordon O, Horvath A, Khan S,
Popratiloff A, Rhim ], Sidahmed A, Maggirwar SB, O'Brien TJ, Perera MA, Lee NH. Prostate cancer cell-
platelet bidirectional signaling promotes calcium mobilization, invasion and apoptotic resistance via
distinct receptor ligand pairs. Sci Rep. 2023;13(1):2864. doi:10.1038/s41598-023-29450-x.

123. Najafi S, Asemani Y, Majidpoor J, Mahmoudi R, Aghaei-Zarch SM, Mortezaee K. Tumor-educated platelets.
Clin Chim Acta. 2024;552:117690. doi:10.1016/j.cca.2023.117690.

124. Coenen DM, Heinzmann ACA, Oggero S, Albers HJ, Nagy M, Hagué P, Kuijpers MJE, Vanderwinden JM,
van der Meer AD, Perretti M, Koenen RR, Cosemans JMEM. Inhibition of Phosphodiesterase 3A by
Cilostazol Dampens Proinflammatory Platelet Functions. Cells. 2021;10(8):1998. d0i:10.3390/cells10081998.

125. Melese ES, Franks E, Cederberg RA, Harbourne BT, Shi R, Wadsworth BJ, Collier JL, Halvorsen EC, Johnson
F, Luu J, Oh MH, Lam V, Krystal G, Hoover SB, Raffeld M, Simpson RM, Unni AM, Lam WL, Lam S,
Abraham N, Bennewith KL, Lockwood WW. CCL5 production in lung cancer cells leads to an altered
immune microenvironment and promotes tumor development. Oncoimmunology. 2021;11(1):2010905.
doi:10.1080/2162402X.2021.2010905.

126. Kong P, Yang X, Zhang Y, Dong H, Liu X, Xu X, Zhang X, Shi Y, Hou M, Song B. Palbociclib Enhances
Migration and Invasion of Cancer Cells via Senescence-Associated Secretory Phenotype-Related CCL5 in
Non-Small-Cell Lung Cancer. ] Oncol. 2022;2022:2260625. doi:10.1155/2022/2260625.

127. Xia L, Zhu X, Zhang L, Xu Y, Chen G, Luo ]J. EZH2 enhances expression of CCL5 to promote recruitment
of macrophages and invasion in lung cancer. Biotechnol Appl Biochem. 2020;67(6):1011-1019.
doi:10.1002/bab.1875.

128. Zheng Z, Jia S, Shao C, Shi Y. Irradiation induces cancer lung metastasis through activation of the cGAS-
STING-CCL5 pathway in mesenchymal stromal cells. Cell Death Dis. 2020;11(5):326. d0i:10.1038/s41419-
020-2546-5.

129. Huang CY, Fong YC, Lee CY, Chen MY, Tsai HC, Hsu HC, Tang CH. CCL5 increases lung cancer migration
via PIBK, Akt and NF-kappaB pathways. Biochem Pharmacol. 2009;77(5):794-803.
do0i:10.1016/j.bcp.2008.11.014.

130. Spaks A, Svirina D, Spaka, Jaunalksne I, Breiva D, Tracums I, Krievins D. CXC chemokine ligand 4 (CXCL4)
is predictor of tumour angiogenic activity and prognostic biomarker in non-small cell lung cancer (NSCLC)
patients undergoing surgical treatment. Biomarkers. 2016;21(5):474-8. doi:10.3109/1354750X.2016.1172111.

131. Gerrits AJ, Frelinger AL 3rd, Michelson AD. Whole Blood Analysis of Leukocyte Platelet Aggregates. Curr
Protoc Cytom. 2016;78:6.15.1-6.15.10. doi:10.1002/cpcy.8.

132. Lecot P, Ardin M, Dussurgey S, Alcazer V, Moudombi L, Pereira Abrantes M, Hubert M, Swalduz A,
Hernandez-Vargas H, Viari A, Caux C, Michallet MC. Gene signature of circulating platelet-bound
neutrophils is associated with poor prognosis in cancer patients. Int J Cancer. 2022;151(1):138-152.
doi:10.1002/ijc.33991.

133. Chen M, Geng JG. P-selectin mediates adhesion of leukocytes, platelets, and cancer cells in inflammation,
thrombosis, and cancer growth and metastasis. Arch Immunol Ther Exp (Warsz). 2006;54(2):75-84.
do0i:10.1007/s00005-006-0010-6.

134. Coupland LA, Parish CR. Platelets, selectins, and the control of tumor metastasis. Semin Oncol.
2014;41(3):422-34. doi:10.1053/j.seminoncol.2014.04.003.

135. Nomura S, Shouzu A, Omoto S, Hayakawa T, Kagawa H, Nishikawa M, Inada M, Fujimura Y, Ikeda Y,
Fukuhara S. Effect of cilostazol on soluble adhesion molecules and platelet derived microparticles in
patients with diabetes. Thromb Haemost. 1998;80(3):388-92.

136. O'Donnell ME, Badger SA, Sharif MA, Makar RR, McEneny J, Young IS, Lee B, Soong CV. The effects of
cilostazol on exercise-induced ischaemia-reperfusion injury in patients with peripheral arterial disease. Eur
J Vasc Endovasc Surg. 2009;37(3):326-35. d0i:10.1016/j.ejvs.2008.11.028.

137. Kariyazono H, Nakamura K, Shinkawa T, Yamaguchi T, Sakata R, Yamada K. Inhibition of platelet
aggregation and the release of P-selectin from platelets by cilostazol. Thromb Res. 2001;101(6):445-53.
doi:10.1016/s0049-3848(00)00415-1.

138. Castellén Rubio VE, Segura PP, Mufioz A, Farré AL, Ruiz LC, Lorente JA. High plasma levels of soluble P-
Selectin and Factor VIII predict venous thromboembolism in non-small cell lung cancer patients: The
Thrombo-Nsclc risk score. Thromb Res. 2020;196:349-354. doi:10.1016/j.thromres.2020.09.021.

139. Klinkhardt U, Bauersachs R, Adams ], Graff ], Lindhoff-Last E, Harder S. Clopidogrel but not aspirin
reduces P-selectin expression and formation of platelet-leukocyte aggregates in patients with
atherosclerotic vascular disease. Clin Pharmacol Ther. 2003;73(3):232-41. doi:10.1067/mcp.2003.13.


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

16

140. Rao AK, Vaidyula VR, Bagga S, Jalagadugula G, Gaughan J, Wilhite DB, Comerota AJ. Effect of antiplatelet
agents clopidogrel, aspirin, and cilostazol on circulating tissue factor procoagulant activity in patients with
peripheral arterial disease. Thromb Haemost. 2006;96(6):738-43.

141. Berger G, Hartwell DW, Wagner DD. P-Selectin and platelet clearance. Blood. 1998;92(11):4446-52.

142. Goto S, Ichikawa N, Lee M, Goto M, Sakai H, Kim JJ, Yoshida M, Handa M, Ikeda Y, Handa S. Platelet
surface P-selectin molecules increased after exposing platelet to a high shear flow. Int Angiol.
2000;19(2):147-51.

143. Michelson AD, Barnard MR, Hechtman HB, MacGregor H, Connolly R], Loscalzo ], Valeri CR. In vivo
tracking of platelets: circulating degranulated platelets rapidly lose surface P-selectin but continue to
circulate and function. Proc Natl Acad Sci U S A. 1996;93(21):11877-82. d0i:10.1073/pnas.93.21.11877.

144. Fabricius HA, Starzonek S, Lange T. The Role of Platelet Cell Surface P-Selectin for the Direct Platelet-
Tumor Cell Contact During Metastasis Formation in Human Tumors. Front Oncol. 2021;11:642761.
doi:10.3389/fonc.2021.642761.

145. Geng JG, Chen M, Chou KC. P-selectin cell adhesion molecule in inflammation, thrombosis, cancer growth
and metastasis. Curr Med Chem. 2004;11(16):2153-60. d0i:10.2174/0929867043364720.

146. Chen M, Geng JG. P-selectin mediates adhesion of leukocytes, platelets, and cancer cells in inflammation,
thrombosis, and cancer growth and metastasis. Arch Immunol Ther Exp (Warsz). 2006;54(2):75-84.
doi:10.1007/s00005-006-0010-6.

147. Omi H, Okayama N, Shimizu M, Fukutomi T, Nakamura A, Imaeda K, Okouchi M, Itoh M. Cilostazol
inhibits high glucose mediated endothelial neutrophil adhesion by decreasing adhesion molecule
expression via NO production. Microvasc Res. 2004;68(2):119-25. doi:10.1016/j.mvr.2004.05.002.

148. Weintraub WS. The vascular effects of cilostazol. Can J Cardiol. 2006;22 Suppl B(Suppl B):56B-60B.
doi:10.1016/s0828-282x(06)70987-4.

149. Sohn M, Lim S. The Role of Cilostazol, a Phosphodiesterase-3 Inhibitor, in the Development of
Atherosclerosis and Vascular Biology: A Review with Meta-Analysis. Int ] Mol Sci. 2024;25(5):2593.
doi:10.3390/ijms25052593.

150. Geng DF, Deng ], Jin DM, Wu W, Wang JF. Effect of cilostazol on the progression of carotid intima-media
thickness: a meta-analysis of randomized controlled trials. Atherosclerosis. 2012;220(1):177-83.
doi:10.1016/j.atherosclerosis.2011.09.048.

151. Wan H, Huang T, Yang P, Wu T, Zhang H, Wu Q. Efficacy and Safety of Cilostazol for Atherosclerosis: A
Meta-analysis of Randomized Controlled Trials. ] Cardiovasc Pharmacol. 2022;79(3):390.
doi:10.1097/FJC.0000000000001195.

152. Suzuki K, Aiura K, Ueda M, Kitajima M. The influence of platelets on the promotion of invasion by tumor
cells and inhibition by antiplatelet agents. Pancreas. 2004;29(2):132-40. doi:10.1097/00006676-200408000-
00008.

153. Zhang W, Zhou H, Li H, Mou H, Yinwang E, Xue Y, Wang S, Zhang Y, Wang Z, Chen T, Sun H, Wang F,
Zhang ], Chai X, Chen S, Li B, Zhang C, Gao ], Ye Z. Cancer cells reprogram to metastatic state through the
acquisition of platelet mitochondria. Cell Rep. 2023;42(9):113147. doi:10.1016/j.celrep.2023.113147.

154. Cereceda L, Cardenas JC, Khoury M, Silva-Pavez E, Hidalgo Y. Impact of platelet-derived mitochondria
transfer in the metabolic profiling and progression of metastatic MDA-MB-231 human triple-negative
breast cancer cells. Front Cell Dev Biol. 2024;11:1324158. d0i:10.3389/fcell.2023.1324158.

155. Veilleux V, Pichaud N, Boudreau LH, Robichaud GA. Mitochondria Transfer by Platelet-Derived
Microparticles Regulates Breast Cancer Bioenergetic States and Malignant Features. Mol Cancer Res.
2024;22(3):268-281. doi:10.1158/1541-7786.MCR-23-0329.

156. GuanF, Wu X, Zhou ], Lin Y, He Y, Fan C, Zeng Z, Xiong W. Mitochondrial transfer in tunneling nanotubes-
a new target for cancer therapy. ] Exp Clin Cancer Res. 2024;43(1):147. doi:10.1186/s13046-024-03069-w.

157. Kim S, Kim Y, Yu SH, Lee SE, Park JH, Cho G, Choi C, Han K, Kim CH, Kang YC. Platelet-derived
mitochondria transfer facilitates wound closure by modulating ROS levels in dermal fibroblasts. Platelets.
2022;34(1):2151996. d0i:10.1080/09537104.2022.2151996.

158. Chen E, Chen Z, Chen L, Hu X. Platelet-derived respiratory competent mitochondria transfer to
mesenchymal stem cells to promote wound healing via metabolic reprogramming. Platelets. 2022;33(2):171-
173. doi:10.1080/09537104.2021.1961717.

159. Levoux J, Prola A, Lafuste P, Gervais M, Chevallier N, Koumaiha Z, Kefi K, Braud L, Schmitt A, Yacia A,
Schirmann A, Hersant B, Sid-Ahmed M, Ben Larbi S, Komrskova K, Rohlena J, Relaix F, Neuzil ], Rodriguez
AM. Platelets Facilitate the Wound-Healing Capability of Mesenchymal Stem Cells by Mitochondrial
Transfer and Metabolic Reprogramming. Cell Metab. 2021;33(2):283-299.e9. doi:10.1016/j.cmet.2020.12.006.

160. Ross ]S, Ali SM, Fasan O, Block ], Pal S, Elvin JA, Schrock AB, Suh J, Nozad S, Kim S, Jeong Lee H, Sheehan
CE, Jones DM, Vergilio JA, Ramkissoon S, Severson E, Daniel S, Fabrizio D, Frampton G, Miller VA,
Stephens PJ, Gay LM. ALK Fusions in a Wide Variety of Tumor Types Respond to Anti-ALK Targeted
Therapy. Oncologist. 2017;22(12):1444-1450. d0i:10.1634/theoncologist.2016-0488.


https://doi.org/10.20944/preprints202406.0779.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 June 2024 d0i:10.20944/preprints202406.0779.v1

17

161. Shreenivas A, Janku F, Gouda MA, Chen HZ, George B, Kato S, Kurzrock R. ALK fusions in the pan-cancer
setting: another tumor-agnostic target? NPJ Precis Oncol. 2023;7(1):101. doi:10.1038/s41698-023-00449-x.

162. Inufusa H, Adachi T, Nakamura M, Shindo K, Yasutomi M, Kimura Y. Inhibition of experimental
metastasis of human adenocarcinoma by cilostazol, a platelet phosphodiesterase inhibitor. Oncol Rep.
1995;2(6):1079-83. d0i:10.3892/0r.2.6.1079.

163. Liu CC, Wu CL, Yeh IC, Wu SN, Sze CI, Gean PW. Cilostazol eliminates radiation-resistant glioblastoma
by re-evoking big conductance calcium-activated potassium channel activity. Am ] Cancer Res.
2021;11(4):1148-1169.

164. Naderbar L, Pazhang Y, Rezaie ]. Inhibiting AKT signaling pathway with cilostazol and meloxicam
synergism for suppressing K562 cells in vitro. J Biochem Mol Toxicol. 2022;36(11):e23185.
doi:10.1002/jbt.23185.

165. Hao N, Shen W, Du R, Jiang S, Zhu J, Chen Y, Huang C, Shi Y, Xiang R, Luo Y. Phosphodiesterase 3A
Represents a Therapeutic Target that Drives Stem Cell-like Property and Metastasis in Breast Cancer. Mol
Cancer Ther. 2020;19(3):868-881. d0i:10.1158/1535-7163.MCT-18-1233.

166. Vandenberghe P, Delvaux M, Hagué P, Erneux C, Vanderwinden JM. Potentiation of imatinib by cilostazol
in sensitive and resistant gastrointestinal stromal tumor cell lines involves YAP inhibition. Oncotarget.
2019;10(19):1798-1811. doi:10.18632/oncotarget.26734.

167. Uzawa K, Kasamatsu A, Baba T, Usukura K, Saito Y, Sakuma K, Iyoda M, Sakamoto Y, Ogawara K, Shiiba
M, Tanzawa H. Targeting phosphodiesterase 3B enhances cisplatin sensitivity in human cancer cells.
Cancer Med. 2013;2(1):40-9. d0i:10.1002/cam4.56.

168. Wenzel ], Zeisig R, Fichtner I. Inhibition of metastasis in a murine 4T1 breast cancer model by liposomes
preventing tumor cell-platelet interactions. Clin Exp Metastasis. 2010;27(1):25-34. d0i:10.1007/s10585-009-
9299-y.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202406.0779.v1

